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The blazar 3C 279, one of t}]e hriglltest  identified extragala,ctic objects ill  t}ie

al-ray sky, underwent a large (Factor  of N1O in amplitude) flare in -y-rays towards

the end of a 3-week  pointing by CCRO, in 1996 Jalluary-F’ehruary.  The flare

peak represellts  the highest -y-ray i[lttvlsity  ever recorded for this object. Durixlg

the high state, extremely rapid ~-ray variability was seen, including  an increase

of a factor of 2.6 in N8 hr, which  strengthens the case for relativistic beaming.

Coordinated multifrequency  observations were carriecl  out with RXTE, ASCA,

ROSAT and IU R and from many ground-based observatories, coverilLg  ulost

accessible wavelengths, The well-sampled, silnultaneou,s  RXTE light curve

shows an outburst of lower amplitude (factor of CY3) well correlated with the

-y-ray flare without, any lag larger than the temporal resolution of N I daY. Tile

optical-UV light curves, which are not well sa[nplecl  during the high energy flare,

exltibit  IIIOIY IIloclest va.riatioIls (factor of -2) a[~d a lower degree of correlat ion.

The flux at millimetric  wavelengths was Ilear an historical nlaxilnullL  during the

y-ray flare pe,k ancl there is a suggestioll  of a correlated decay. We present

sinlultaneous  spectral eliergy  distributions of 3C 279 prior to and Ilear  to tlle

flare peak. The -y-rays vary by more than the scluare  of tlle  observecl  IR-optical

flux change, which poses son]e  problems for specific blazar emission Inodels.

The syncl]rotron-self  Col]lpton IIlodel would require tllat t~le ]argest syllc]lrotroll

variability occurred in tile lnostly  unobserved sLlb-111111/far-ixlfrarecl  regioll.

Alternatively, a large variation  ill tlle  exterllal pllotoll  field COUICI occur over a

tillle scale of few days. I’tlis occurs IIat, urally  in tlle  “[]lirror” model,  wherein tl~e

flaring regioll  in ‘tile jet pllotoiollizes  Ileart)y l)~oacl-elllissiorl-lillc!  clouds, whic}l

ill tulll  provide soft  exterllal  pllotolls  that are (.;oll\ptollized  to +~-ray ellergies.
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10 Introcluction

The rexnarkable en]ission  of blwzars ill t})e MeV-GeV energy range,  relativistically

enhanced by Doppler  beaming, has made t\Lenl the only  class  of Active {;alactic  NLlc]ei

detected by the EGRET instrument on CCRO (Ttlornpson  et al. 1995). The cluasar

3C 279 (z = 0.538), the first radio soLlrce  in which  superluminal  Illotion  was discovered,

is a prototype of the blwzar  class. It is the seccmd  brightest y-ray blazar (Kniffell  et a].

1993), the brightest being PKS 1622-297; (Mattox et al. 1997). Violent variability is a

distilqyishing  property of blwars ancl the -y-ray elllission  is no exception, varying with large

amplitude on time scales of days or less (see recent  review by IIartman 1996), in~plying  a

very colnpact  emission region,

The radio to IJV continuum from blazars is coIIm~only i[lterpreted  as synchrotrons

radiation from high energy electrons in a relativistic. jet, while the MeV-GeV photons are

believed to be emitted via inverse Conlpton  scattering of soft seed photolls  by the same

electrons (e. g., Ulricll,  Maraschi,  & Urry 1997). FiIlding correlations aInollg  t}le variations

at high  (X- to ~-ray)  and low frequencies is t~lerefore  critical  to understanding which ranges

of the Colnpton  allcl synchrotrons components are due to the salne electrons and to clarify

tile  nature of the seecl  p}lotons available for scattering, na]ne]y whether they are generated

within the jet (synchrotron-self  Conlpton,  SSC)  or in regions external to the jet, like the

accretion disk  or the broad-enlissiolL-l  ine clouds (external Compton,  EC).

NI~llti\\’avelelLgtll  observatiolls  of blaiiars  iu conjullc.tion  with EGRET pointillgs  h a v e

been obtailled  at several epochs. Ilowever,  either the nlonitorillg  was too sparse or tile

source was not active durillg  the canlpaign,  so that detections of correlated Illllltitvavelellgtll

variability on snort time scales are tentative (3C 279, Marasclli  et al. 1994;  IIartllmn  et al.

1996;  OJ 287, Webb et al. 1996;  PKS 0537-441, Pian et al. 19!37).

A colllparisoIl  of t}le  spectral  eliergy  distribut,io[l  of 3C 279 during tl[e IIistorically
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brightwt  state of ttle  source (1991 June) witl]  tt~e lowest  state ever observed (1992 December

- 1993 Jalluary)  sttowed  that the y-ray flLlx variation between the two epochs was larger

ttlall at any other wavelengt}l  (Marasc}li  et al. 1994), as predicted clualitativety by the

SSC model (Maraschi,  Gllisellini, & Celotti  1992). hlultiwavelength  variabil i ty between

1991 June and October was found to follow the sal]le  behavior (Hartnlan  et al. 1996).

The larger ~-ray variability could also be accolllrnodatecl  within an EC scellario  provided

t}~ere was a change in the butk I,orentz  factor of the ~-ray emitting plasnla,  or t}le external

photon field varied for some other reason, possibly as a result of enhanced photoionization

of surrounding broad-line clouds by t}le  jet itself.

1996 January-February was organizedT h e  nlultiwave]ellgth  campaign 011 3C 279 ill

as a 2-week coordinated program of the CGRO, R. OSAT, RXTt? and IUF, spacecraft, plus

a l-week ~’arget of Opportunity extelLsion  triggered by the high intensity measurec~ with

EGRET during the first week. The aill~ was to follow the evolution of a s}lort-time-sca]e

outburst at all frequencies, in order to constrairl  tile  possibility of a variation of the bulk

I,orentz  factor. This woLlld allow discriIninatilq~  betweell tile  possible Inodels,  alld  clarifying

t}le  nature of the seecl photo~s  being irLverse Cox[~ptoll-scatterec\  to -y-ray energies,

T h e  canlpaign  also bene~tted  froln  ttle  sitl~ultalleous  and  quasi-sixllultaneous

observations with ttle IIST, ASCA, and 1S0 satellites, as welt as with marly  groutld-basecl

radio and optical telescopes. The final data set is rich in both teI1lporal  and wavelength

coverage to an extent urlrllatched by any other b]wzar.

Ill tl]is paper we presellt  tile  observations conducted at the ractio-to-~-ray  facilities

participating in tile  nlultiwavelellgttl  lllonitoriug  (~ 2), ttle light curves obtained (~ 3), and

t}]e spectral energy clistributiolls  before and xlear  tt~e flare peak ($ 4). We t}leIL corllpare our

results with ttlose  at previous epochs  alId discuss constraints 011 theoretical lnodels  ($ 5)

and sullllllarize our filldillgs ($ 6).
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2. O b s e r v a t i o n s

In the following we give the essential information on tile  observations at eac}l wavelength

and summarize the results in Table 1. The Inultiwavelength  light curves of 3C 279 from

1996 January 11 through 1996 February 13 are shown in Figure 1 on a logarithmic. scale.

Included are data with the most complete telllporal  coverage and at tile  full range of

wavelengths. We defer to separate papers for a complete presentation and for cletails  about

data analysis. 11~ particular, a complete account of the -y-, X-ray and 1S0 observations,

data reduction and analysis will be given in IIartman et al. (1997), Mc.IIardy  et al. (1997),

and Barr et al. (1997), respectively.

During the CCRO observations from 1996 January 16-30, 3C 279 was close to the center

of the field of view of FNRF,T ancl COMPTF,I, (5.0-6.7 deg).  OSSE began observations on

1996 January 24. Due to the outstanding brightness detected by EGRET, the pointing was

extendecl  through 1996 February 6 as part of a Tmget of Opportunity program.

The high emission state of 3C 279 made it possible to detect significant signal with

EC;RET for integration tillles  of 1 day, and even  of 8 hours during the flare. The light

curves are shown in l’igure  la. Analysis of the EGRET spectrunl  during the flare, from

February 4-6, yielded an energy index au = 0.97 + 0.07 between 30 MeV and 10 GeV, and

c1“= 1.07 + 0.09 was found for the period January 16-30. We use the coILvention  jv m v-au.

COMPTEI, detected the source at energies above  3 MeV. Over tile  whole period the

average flLm in the 10-30 MeV  band was (2.6 + 0.6) x 10–5 photons s-l clll- 2 . The average

energy spectrum tends to he hard ( power law pl}oton index  < 2), however, the po~ver-law

slope calmot be deterlllined  accurately clue to non-detection below 3 MeV.

Tile source  was in tile  OSSE field of view froIl~ .January  24 to February i’, and was

detected in each of the two week at a high  collfideIlce  level.
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T}[e RXTl? satel l i te  began okrving  3C 279 less than a month after  laurLch  alld

nLonitorecl tile  source for 20 lllinutes  daily froxll January 21 to February 10 during its

perforlnance  verification p}lase (McIIarcly  et al, 1997), preceded by 6 clays of observations

with the ROSAT-IIRI (January 14-20) ant] accolllpanied  by one 20-kilosecond  ASCA

poillting  on January 27 (Makillo et al. 1996), The R.XTE  data were calibrated by

perforllling  background subtraction from slewing  clata; the ASCA  spectral index au = 0.7

was used to calculate flux densities. The robustness of the RXTI? background modelling  is

clelnonstratecl  by the agreement of the flux clmlsities at the low end of tile  RXTI? energy

range and the high end of the ROSAT energy range on tile day(s) in wl~ich  their coverage

overlapped. The X-ray light cuvve is shown in I~igLue lb.

IUE c)bservecl  3C 279 at approxinlately  daily intervals from January 15.6 to February

6.8 with the I,WP  cainera  and on one occasion (January 25) with the SWP. The 13 I,WP

spectra were reduced and calibrated according to the Final Archive processing routine

which adopts the NT I? WSIPS method for spectral extraction (Nichols & I,insky 1996). I,ya

elllission  (1216 ~) is clearly visible on tile  SWP spec.trulll  redshifted to N1870  ~ with a

derecldened  iiit,ensity  of (5 +: 2) x 10-14 erg S--l CIn-2. No emission line is present in the

I,WP spectra. The I,WP spectral signal was integrated and averaged in the 2500-2700 ~

interval, whe~e the calnera sensitivity is highest alld  the solar scattered light contamillation

(w]lich  might have been present in the first half of the monitoring) is negligible. The SWP

sigIlal was averaged in t,}le 1400-1600 A raIige,  where tile calllcra sensitivity is IIigll  and no

eIllission  lines are superposed OIL tile  coIltinuu[I1. [Uncertainties are coxllputecl as in Ilaloxllo

et al. (1993). The I,WP Iigllt curve is sltow Il in Figure  lc.

I’he source was observe(l  with  tl]e 11ST I’aillt (.) bject Spectrograph using tile  {;13011

and C19011 gratings, ~xpose(l  for 2S20 all<l  22150 seconds, respectively, just before tl]e start

o f  tile  lllllltifrc’c[llellcy  ca[llpaigll  011 1996 Jalluary 8 as part of a (lifferellt  prc)gra[ll whose
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results will be reported elsewhere (Stocke et al. 1997). The shape of the dereddellecl  spectral

flux distribution in the interval 1300-2240 A is described by a power-law with energy index

Cru = 1.81 A 0.0,5. Although not obtained during  ttle  EGRET pointing, these data are of

interest here since they yield  a reliat~le measure of tile  I,ya intensity which is important in

estimating the inverse Col~lpton  colltributioll  froxll external  seed p]lotons.  Tile dereddened

line intensity is (4 + 1) xlO-lq erg  S-l CIII-Z.

Optical BVRI photometry was obtained at several different sites listed in Table 2.

The R-band has t}]e best temporal coverage including one point close to the peak of the

q-ray flare, so only those data are shown in Figure 12. The data in the B-band  are very

sparse; those in V- and I-bands snow the san]e  behavior as the R-band  light  curve within

the uncertainties. The conversion of optical lnagnitucles  to fluxes has been  done following

Bessel (1979). For a presentation of the colllplete data set of ground-based optical, near-llt,

rllillilneter and radio observations, as well as for the IIJI? data related to this canlpaiglL,  we

clefer  to a separate paper.

The near-IR emission of 3C 279 was measured in the J, 11 and K bands at CTIO on

January  31 allcl  FebrLlary  3. OIlly two data poillts  wem  obtainec~ withil]  the time span of

tile  calnpaigll  for each filter (I)able  1). q’tIe conversion  fronl  JIIK nlagllitLldes  to fluxes

follows Bersanelli,  Bouchet, ancl Falomo ( 1991).

The source was observed at nlillirneter  and sub-lnillillleter  wavelengths at tile  J(3NIT

with botl]  Ileterodylle  and bolollleter  receivers as part of all extensive campaign that lasted

th~ough  1996 June . Few observations were obtained during the campaign reported here,

but they were close irl tilne to the -y-ray peak. ‘rtle  0.4,5- allcl  0.8-IINn data are shown in

Figure  le. At longer  wavelengths tile  variations were  slllaller.

13010111  etric observatiolls  at lllillill~eter  wavelengths were carried out with  tile  301u lIIAh;f

telescope using the Il{AM/MPI  7-cllannel  bolwllet,er  011 1996 January 13. Tllc nolllinal



frecluency  of the bolollleter  is 2.50 GIIz, the bandwidth about  60 CIIZ.  The observat,ioxls

were carried out, urlder poor weattler collditioIls. observations of Uranus ill tile  sarxle  night

after weather conditions significalltly  illlprovecl  were  used for the flux calibration, assu[ning

a flux of 35.18 Jy. T}le standard recolm~lendecl  gain-elevation correction was applied. Tlie

resulting fluxes of the two observations were (33.7 + 0.;3) Jy and (18.2 3: 1.1) Jy, where the

errors are the rms of the single  scans within each observatiolls. We attribute the difference

in t}le results to the changing weather conditions, and adopt a value of (26 + 8) Jy.

Raclic) observations at 37 and 22 GIIz were conducted at the Metsihovi  Radio Research

Station from January 3 to February 11 ancl at 4.8, 8 and 14.5 GIIz froxll  January 2 to

March 1, altogether, at the lJ1liversity  of Michigan Raclio Astronomical Observatory, as

part of lolLgterln  lnonitoring  prograllls. The resulting light curves at the three highest radio

frequencies are showII in Figure  lf.

3. Conlparison  of  Mul t iwave leng th  I,ight  C u r v e s

The l-clay biIlnecl  F,GRET Iigllt curve SIIOWS  aIl extraordinary flare peaking OIL February

5 (Fig. la). Before January 30, tile  fluctuatioIls  visible to tile  eye in the ~-ray light  curve

are probably Ilot clue to real variability (the probability of variability is 30’%0,  according

to a X2 test). The peak flux represents all increase  Ly a factor of 10 wit}l respect to the

average level between January 20 and 30. TILe 8-hour biIlned  EGRET light curve cluring

the outburst appears Inoculated by lligll  atllplitucle  variations, tile  largest of which, a factor

o f  4 - 5  ill one  clay, has a doublixlg  ti[]le  o f  on ly  rlj = 6 lIours  (T~j E * . At).

Between t h e  ,JalLuary  16-30 allcl  t h e  Target-of-~  pport Lllli~y  periocls,  t]le flux ill t]le

10-130 Me\~ range (COMPTEI,) i[lcreased  by a, factor of 3.6 (2.50  signi[icallce  l eve l ) .

No sig[lificant  variability oIl tiIIlescdes  of [lays was fou[lcl iIl tile OSSE tlata, accoldillg
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k) a )(Z test.

Tile X-ray light curve also  shows a large outburst, well correlated in time with the

~-ray flare  but of lower alnplitucle  (factor of 3, Pig.  lb). Any  possible lag is less than the

temporal resolution of 1 day, as collfirllled  by an analysis with t}le  Discrete Correlation

Func t ion  me thod  (DCF, Fklelson  & Krolik  1988). Tile width of the outburst is a?.mut 7

days in X-rays, where the data extend fronl  tile  prc-flare state to the decay, while  the ~-ray

coverage ends one clay after the flare peak. The ROSAT 11111 data did not reveal any

variability larger than 1O$ZO, therefore the average 1 keV flLIx has been reported here as well

as for the ASCA observation.

The light curve at 2600 ~ (IUE-l,WP) is reasonably well-sampled during the first

part of the canlpaigll  but not toward the end, w]len the ~-ray flare occurred (Fig. lc).

It SI1OWS a broad minilnuln  at w Jalluary  25-26 followed by a rise of almost a factor of

2, but  with a three-day gap before and up to the -y-ray peak. If the UV nlinimum  were

assoc. iatecl wit]l tl]e  (possib]e)  I~liIiiI:lutl~  ilk tlLc’ ItGl{F,T  ]ig}lt c u r v e  a t  ,Jalluary  28, t]lis

would indicate a  correlat ion with  tile UV Ieadillg  t}le -y-rays by w2.5  days. II] t]lis case

tile  UV lnaxillluln  woLllcl  nave occurred before tl]e ~-ray peak, during tile  gap in IIJE

lllorlitoring  betweelL F’ebruary  1 and 5. lJnfortu Ilately,  the UV and ~-ray light curves have

too few points to apply the DCF method e[[iciently,  so no robust  result call be found from

their cross-correlation.

The R-band  light  curve is silnilar  to tile  (JV light  cLlrve in showing a broad lllinill~un~

011 days Jailuary  26-28 followed by a rise (Fig. id). Agaill,  tile  saxllplillg around the ~-ray

flare is very poor. One observation very C1OSC to tile  flare peak yielcls  a flux higher thall  the

average around  day January  2S by a factor of 1.6. The behavior in V a[[d I (Ilot showll)  is

siinilar.  011 tile  whole tile optical Iigllt curves  suggest, that tjlle Illillil]lu[ll occurs later thall

tile  (JV lllinimulll  by 1-2 days, They resel~lble tllt~ ~- all(l X-ray  Iigllt curves  ill the flare r ise,
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but clif~er significantly in having values quite close to those at the peak also  at other epochs

(e.g., around January 20) w]le,, the high energy light curves  have  values much lower  than

the peak. In other words,  the flare stands out in the IIigll energy light  cLlrves while it is not

apparent as such in the UV-optical  light  curves.

A near-infrared flux increase was observed, whose anlplit  L[de is a factor of 1,3 in J and

II, and 1.2 in K band. Therefore, within the lill~ited sampling, the JHK data are consistent

with the rising trend of the other light curves.

The submillimeter  data are rather sparse, but, S}1OW  variability consistent with the

occurrence of a flare around F’ebr Llary 3 (Fig. le). The sparse sanlpling  prevents us from

cletermining  conclusively that the submillilnet,er  peak actually occurred cm February 3; it

COUIC1 as well have occurrec~ on January 30, 31 or February 1, 2. Observations at 0.4.5, 0.8,

1.1, 1.3 arid 2 mm on February 5 alLd 6 show a decline in flLlx, of decreasing amplitude

with increasing wavelength, correspondillg  to tile  -y- and X-ray decline after the outburst.

We notice that tlie level of tile  Jntl)/sul~-IIItII  flux reac}led  cluring  the presexlt  campaigll  has

been exceeded only olice (in 1994) in the last 7 years, arlcl in 1996 May a further illcrease

by 20-30% was recorded.

At radio frequencies the variability is highly significant (Fig. if). There is a nearly

monotonic increase of s 30% alnp]itude  at 37 GIIz from January 18 to February 9, and

a smaller increase at lower frequencies. A 6-7 Jy rise ill 20 clays is rare irl the 16-year

Met,sillovi  database. Ttle brightness reached its Ilistoric  lnaximulll  (since 1980) during

May-J une 1996, a time delay of about 4 months relative to the X- and ~-ray flare.



- 15-

4. Raclio-to-v-ray  Energy Distributions

The Illultiwavelength  data, collectetl  during  tile  1996 n]onitoring  canlpaign  allow LIS to

follow the evolution of the overall spectrum of 3C 279 froln  a cluasi-stationary  state through

the development of a dramatic high-energy outburst. I’}lere is no unique definition of a

pre-flare  state. In Figures 2 and 3 we show average fluxes in the period January 24-2S

(where available), which includes  tl]e UV and optical *llinillla.

The epoch of the high energy outburst is well covered at ll~ost  wavelengt}ls,  no more

than 2 days from the -y-ray  peak. We can therefore construct a reliable  spectral energy

distribution (SET)) for the lligllest  state. We averaged the available data in a 2-clay window

centered on the -y-ray peak [February 4-6). The resulting SF,D for the flaring state is shown

in Figures 2 and 3.

Near-IR., optical and U V data (Table 1) have been corrected (S}1OWI1  in Figures 2 and

3) according to Cardelli, Clayton ancl Mathis (1989) for Galactic. interstellar extinction

using fVFf = 2.22 x 1020 cnl ‘ 2 (Elvis et al. 1989), a gas-twdust  ratio N}I/EB_v  = 5.2 x 1021

cnl-2  lllag–l

AV/F:B. V ==

to flux units

observatioxts,

( S h u n  & Vail Steenberg 1985),  and a total-t~selective  ex t inc t ion  r a t io

3.1 (Rieke & I,ebofsky  1985). The X-ray count rates have been converted

using a power-law energy index of 0.7 derived froln  the ASCA 2-10 keV

The ~-ray photon counts have been converted to fluxes at 0.4 GeV  according

to Tholllpson  et al. (19!36).

The spectrum consists of two broad Ilutllps  with peaks at w 101 2--1013 IIz and

102J –  lo~~ ~] z. 1S0 data (Barr et al. 1997) will be of great illlportallce  to deterlnine  tile

shape of tl]e SFJD in the rallge  where tile  Illaxilllurll  syrlcllrotron  power is expected to be

elllittjed.  It is interestilLg  to note that the slLIJ-lllilli[lLet(~r  spectral slope during tlie {iare

(al, = 0.3S + 0.09 on February 5 and c,,, = 0.51 + 0.0S on February 6) is roughly t}le sallw

as tile  hard-X-ray to Me V-~-ray spectlrulll  (au w 0.6),  as expecte(l if the sa[lle  electrons are
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respcmsib]e  for the syllc}lrotron  and inverse ColIlptoll-sc.atterecl  racliatio]k  at those energies.

Comparing the flare  and pre-flare states it is clear that the high energy spectrum (X- to

n~-rays)  is harder at the flare peak, as ilIlpliecl by the larger alllplitude  of tile  ~-ray variation,

Fronl near-lit to UV frecluencies  the flare versus pre-flare variations are s[naller ttlan

ill X- and ~-rays. Comparing simultaneous J, 11 and K fluxes at two epochs suggests again

that the variability amplitude increases with frequency, but the effect does not show up

comparing UV to V, R or I band variations. There is little information on the pre-flare

fluxes at still lower frequencies, except for the radio band which is only weakly coupled

tcl the rest of tile  SED. We note, however, that from the few data poixlts available the

amplitude of the variations at 0.45 and 0.8 IIIH1 is comparable to that of the si[nLlltaneous

X-ray variations.

The SEI)S of 3C 279 ubtailLed  during the 1991 June high state and the 1993 January

low state are also showII in Figure 3 for coInparison  with the flare and pre-f[are SEDS derived

here. The 1991 -y-ray clata are ave~agecl  over t}le 2-week pointing which incluc]ed the flare.

The X-ray and R band observations were simultaneous, while the other measurements were

close in time except fur the (JV spectrum whic]l was obtained one month later (] Iartnlan et

al. 1996).

5. Discussion

IH early 1996, tl~e blamr 3C 279 was observed iIl its highest ~-ray erllission  state ever.

Tile pre-flare flux level (before 1996 February 1 ) was co~liparable  to tile average state in

1991 June  (Knifren  et al. 1993; Ilartnlm  et  al . 1996). Tt[e  presently observed IlmxiIllunl

exoxxls  by a Factor of w 3 tile  peak of tlIe 1991 JuILe 24–25 outburstl  the b r igh te s t  s t a t e

recorded previously,  and is w 90 tiIIles  higher  tlIaII t]le IIistorical  -y-ray IIlinilIluIll  seeII with
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IIGRIIT in 1992 T)ecel~lber-1993  Jarluary (Marasclli  et al. 1994),

Inspection of Figure 1 irldica.tes decreasi[lg variability amplitude with clecreasillg

energy (within either the syuchrotron  or inverse Colllpton  component), which  is a common

characteristic of hlazar variability (e.g., 3C 279 itself, Maraschi et al. 1994; PKS 2155–304,

[Jrry et al. 1997). In additiol~,  the X-ray elllissioll  during the 1996 outburst was nigher

than nleasurecl  ill 1991 June with Ginga over approximately tl~e same energy rallge  (Fig. 2).

Thus, not only is the X-ray variability anlplitude  lower than the -y-ray during the 1996

flare, but over longer time-scales the overall amplitude is also lower. Notice that tile  flaring

[lllllti~vavelerlgtll  SF)D in 1996 FebrLlary  presents an “inverted” variation with respect to the

1991 state: while the ~-ray flux is higher  than in 1991 by a factor  of W4 and  the optical-UV

flux is lower than earlier by a factor of N1.5-2.

During  t~le 1S!96 observatiolls,  significan~  y-ray  variability was found on time scales

comparable to the sampling resolution (i.e., 8 hours). Such extrexnely  fast variability has

also beell  fcJulld  il~ several otl]er blamrs  (IIartlIlall  1996; Mattox et al. 1997). Tile a[llplit,ude

allcl rapidity of these lunlinosity  charlges  exceecl  a well- known  limit based on accretion

efficiency (Fabian 1979; Derlner & Cehrels  1995), whic]l probably occurs ill blazars  because

their observed radiation comes from relativistically  beamed jets (with unknown relation  to

accretion processes).

The silllultaneous  variability in X- a~~d CCV ~-rays SIIOWS  for the first time that

t}ley are approxinlate]y  cckspatial. This, plus the rapid ~-ray variability, gives a strong

lower  l imi t  to the beanlillg  factor  frolll tile  coxlclitiorl  that the enlissioll  region  slloul(l be

‘ 5 ],/ Al) For t}le optical depth  to photoll-p}loton  abso rp t iontransparent to -y-rays (~7T M J .

to be less than unity, the required bewlling  fwtor is d? ~ 6.3 or JO > 8.5 for pllotolls  of

N1 or -10 CeV, respec t ive ly .  These  values  are derived followi[lg Dolldi  allcl  Cllisellilli

( 1995),  hut are sonlewhat larger than t)lleirs  due to the faster variability I1OW observed.
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An independent argument  for relativistic bulk  [Ilotion  of the low-frequency enlitti[lg  regio[l

colnes  from the limit to the X-ray flux produced by tile  self- Colllpton  process ( h~[arschm

et al. 1979), which gives d ~ 18 (Ghiseliini  et al. 1993). A t}lird  estimate collles  frol~l  tile

observed sL[perluminal  expansion of VIJBI-resol  ved knots, 6 ~~ (preliminary estimate from

Wel]rie  et al, 1997).

Iii Iow-frec]uency  peaked

racliate at radio throLgh  UV

blwars like 3C 279, high ellergy  electrons in a relativistic jet

wavelengths via tile  sync] lrotron  process, allcl  call produce

X- and -y-rays by scattering soft target photons present either in the jet (SSC)  or irl the

sLlrrounding  “ambient” (IW, Marasc}li,  Ghisel]illi,  & Celotti  1992; Illanclford  1993; Dermer,

Schlickeiser,  & Mastichiaclis  1992; Sikora,  Begel[nan,  & Ilees 1994). The relative variability

in tlie  synchrotrons and inverse Compton  coxllpouellts  can indicate the origin of these seecl

photons. Specific, tinle dependent models are clearly necessary for an ill depth discussion

but are beyond the scope of this paper. In tile following we discuss in general terms different

scellarios  for the origixl of the seed

is responsible for the variability.

Tile SSC model predicts that

pllotoxts assu[lling  that a

a change ill the electron

sillgle active  “blob”

spectr Llnl (intensity

ill tl]e jet

axlcl/or

shape) should cause larger  variabi l i ty  itl tile  illverse  Colnpton  elnissioll  than ill the

synchrotrons enlissioll  because the energy densities of the seed photons and the scattering

electrons vary in phase. In a one-zone model, the peak flux of the inverse Compton SF,D

s]~ould vary approxilnatelY  quadratically with tile  peak flLlx of the syncllrotron  distribution

(G}lisellini  & Maraschi  1996).

Detween  1991 JLme and 199;3 JanL[ary  this cluadratic  vtwiation  collditiosl  was  sa t i s f i ed

assuItLing the syncl]rotron  Pt’iili was  close to the 11/ band (Marasc}li  et al. 1994; C,llisellini

,U h[araschi  1996), but  for  the 1996 flare vs. pre-flare SIIDs  the alllplitude  of tile  -(-ray

variation is lftore t}Lan lh~ squa)r of t}lc’ IR-optical-[JV  flux variation. IIowever,  there are
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very few data close to tile  -y-ray l]mximunl (the Ilt points are frolll February 3, which  is at

half [~~axin~ulll),  and the synchrotrons peak may also frill at lower frecluellc.im  (W 10*3 IIz,

as suggested by the strong flux at millimetric wavelengt]w)  where adequate variations

could  have occurred. A further caveat is that different elllission  zones coL[]d contribute to

tile  IR-optical  flux, diluting the irltrinsic  variation dLle to the -y-ray ellLitting  region. We

cone.lL[de that the SSC scenario can not be ruled out by tl[e present data.

Alternatively, we consider the EC scenario, (Sikora,  Ilege]lnan,  and ~ees 1994) w]lere

tile  seed photons are external to t}le  jet and irldepelldent  of it. 11~ this case: (i) the inverse

Compton emission should vary linearly with the synchrotrons emission fc]r changes in the

e]ectron spectruln;  alld  (ii) larger than Iirlear  variations of tile  inverse Colnpto:~  enlission

Call  be explained if the bulk I,orentz  factor of the etl~ission region varies together  with t}le

electron spectrunl. In the latter case the dif[erent  beaming patterns of synchrotrons and

inverse Col~~pton  radiation should also be takel~ into account (Dermer 1995). As for the

S S C  llloclel, differelLt  exnission  zoltes  c-olltribut,illg to t}ie IR-optical  flux w o u l d  clilute  the

ilLtrinsic variation due to the ~-ray elllitting  region.

While tile  secorlcl case is conceivable colilparing  SEDS separated by years, it is far less

likely that tile  entire elnissioll  region  could  accelerate cllld decelerate sigllificantly  over the

tilne-scale  of tile  rapid flare observed here. The first  case is un]ike]y  because of the apparent

non]irlear  response of tile ~-rays  to tile  syncllrot,ron  variability.

AII interesting alternative coll~lJilling  adva~ltages  of botl~ tile  SSC and EC sc.el~arios is

tile  ‘Lxllirror”  lnoclel of Ghisellini & Madau (1996). IIerc tl}e seecl photolls  are provided by

rapidly varyillg  broad-line  e[llissiolk  froxli a few C1OUC1S close to tl]e jet ancl pllotoiollizecl  by

a[L active blob in it. First, the pllotoiollizillg  continuulll  is heame{l  and therefore intense

a[ld highly  variable; secoll(l,  tile  elect ro~ls ill  t}le jet see Lrcxd-line el]lission  frolll tile  nearest

Clou[i(s) as bea]ned; alld, t}lirfl, tile y--ray  elllitlillg  1)101), approacllillg  t,lle clou(ls,  will see all
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inc.rwasing  radiatioll  energy  density due to the decreasillg  blob-cloud distance. These ef[ects

lead to a[llore-ttla[l-cl~laclratic  i[lcrease  in v-rays associated with variations in syncllrotron

elllission  froxll tile  active blob.  T}lis picture requires rather special conditions i[l ttlat the

C]olld(s) close to the jet nlust  also have a large covering factor, to let  their elllissioll  line flux

dolllinate  the racliatioll  ellergy  dellsity  seen  hy t}le blob.

The  obse rva t ions  preselLted  here can be accoL[ntecl  for by the lllirror  lllode]  if the

Far-UV  (photoiolLizing)  enlission varied during the flare by a factor of 3-4. l’llis  was not

directly observed hut  is consistent with an extrapolation from the UV variations. If an

increase occurred as all active region of the jet approached one or more broacl-]ine  clouds

lyillg  witllill  the jet’s beam, the observed al]lplitude  of y-ray variability could be explained,

at least qualitatively. Also, the asymmetric shape of the X–ray curve, in which the clecay is

possibly faster than the rise, can be accomnLodatecl  by the mirror model since the inverse

Compton emission drops sharply (because of tile  narrow angular patterl~  of the beaming)

once  the active part of the jet passes tile broad lil~e cloud(s).

We note that no variatiolls  in t}le  I,ya luminosity are seen in archival (IUIl and 11ST)

spectra of 3C 279, as opposecl  to a large historical variability of tile  continl’’ml, implying

that a steady component, like arl accretion disk, rather than the jet beam, dominates the

overal l  photoionizatioll  of the broad  lille clouds (Koratkar  et al. 1997). IIowever  tile jet

could  still  play  a sigllificallt  role ill  powerirlg  t}le cloLlds  close to i t .  Tile nlirror  II1OCIC1

could be tested in principle, evel~ in the abseuce  of any available -y-ray ot~servatiolls,  by

nlollitoring  the I,ya elxlissioIl  line  of 3C 279. 11 lilllitecl nu[xlber  of C1O L1C1S, over a lilnited

ve loc i ty  rallge,  SI]OUIC1 respoll(l  silllultalleously  to tl]e lllost  rapiclly  varying  (tillle scales of

days) jet,  el~lissioll. I[owever, the observed variability alllplitude  lllay  be slllall,  being dilLlted

by tile  overall broa(l  Iiile region  eIllissioll.

Tile line intensity l~leasurelllellts  of January S arid 25 frolll tile  11 ST-F’()$ all(l  l[JE-S\\rP
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spectra respectively, indicating Ilo c} Iallge,  are itlcollclusive  t)ecaLlse  they both refer to tile

pre-flare epoclL  and to similar cmltinuunl  levels, Moreover the IUE sem+itivity  is far too low

to Illeasure variations ill ttle line profile.

6. Sum mary

Raclio-toq-ray  monitoring of the blazar 3C 279 in 1996 January-1’ebruary  recorded the

highest ~-ray flux of the source ever nleasured.  A correlated flare at X- and ~-ray energies

with an amplitude of a factor 3 and 10, respectively, is seen and completely resolved.

The data at optical and UV frequencies clearly show a flux increase correlated with the

X- and y-ray  rise, althoug}l  the poor salnpling  close to the flare peak prevents a precise

measurement of the alnplitude  in t]lese  bancls. Tlie lni]limetric  flux measL~red  oIlly close to

the flare peak shows variability which could be correlated with the high energy light curves.

Tile radio elllissioxl  exhibited variatiolls  of relnarkable rapidity alld a[nplitude.

The relative alnplitudes  of the high energy a[ld low energy light curves during the flare

alld the appare:ltly  stronger II{ to [JV enlissio!l  irl 1991 .]uIIc’, when the average ~-ray flux

was weaker, represent ilnportallt  c~lal]enges for our understa[lding  of b]azars.

The clata  do not rule out SSC models especially if n~ore than one zolle contributes

to the emission, hut  are difficult to reconcile with a scenario in which tile  seecl photons

are provided by the alnbiellt  surrouIldillg  the jet and inclepelldent  frolll it, A picture in

which  the relativistic jet nits and ionizes a sIImll  fraction of the broad line clouds which

then provicle t}le pllotom to be illverse-Colnptoll  unscattered seeI1ls  appealing alld likely.

Sensitive lneasurelllents  of variations in tile profile of tile  stroug  I,ya Iirw correlated with

the beanled  IJV colltiriuuln  could test this rlmdel.
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Figure Captions

Fig. 1- Multiwavelength  light curves of 3C 279 during the EGRET campaign (1996

January 16- February 6): (’a) ECRI?T fluxes at >100 MeV  binned witl(in  1 day (open

squares) and 8 hours (filled squares) (referrecl  to 400 MeV  as for Tllorllpson  et al. 1996);

(b) X-ray fluxes at 2 keV: besides tile  RXTIl data (ope~~ squares), tl,e isolated ASCA (filled

square) and ROSAT-IIRI (cross) points are reported with horizontal bars indicating the

total duration of the observation; (c) IUEI,WP fluxes at 2600 ~; (d) ground-based optical

data froln  various grouucl-based  telescopes in the R bane{; (e) JCMT photometry at 0.8

ltlm  (open squares) ancl 0,45 mm (filled  squares); (’) rac~io data from Metsihovi  at 37

GIIz (open squares) and 22 GIIz (filled scluares),  and from UMRAO at 14.5 GHz (crosses).

Errors, representing l-a uncertainties, nave been reportecl only when they are bigger than

the symbol size.

Fig. 2-- Radio-t~~-ray  energy clistributioll  of 3C 279 in low (open circles) alld  flaring

state (fillecl  circles) in 1996 January-F’ebruary. ‘1’he clata  plotted correspond to the entries

of I’able  1, except that the UV, optical al~cl near-IR data have been corrected for C,alactic

extinction (see text), The slope of the ASCA  spectrurll  (crU = ().7) has been repor ted

normalized to the RXTl? point closest in tilne. Tile EGRET best fit power-law spectra

referring to the January 16-3 O(1OW state) ancl l“ebruary  4-6 periods are sl~own, norlnalizecl

at 0.4 GeV.  Errors l~ave  been reported ol]ly w})ell t}lcy are bigger  than tile  syIIlbol  size,

Fig. 3- Radio-to--(-ray ellergy  distribution of 3C 279 ill low (open  circles) allcl flaring

state (filled circles) ixl 1996 Jalll~ary-I~el}rl~ary.  ‘1’lle data plotted correspo[ld  to tile  e[Ltries

of Table 1, except tl~tit  tl~e [JV,  optical al~d l~ear-11{ data I]ave beeIl corrected for C,alactic

extillctioll  (see text). ‘1’he slc)pe  of tile  ASCA  spectrutn  (o,, =- 0.7)  has beeIL r e p o r t e d

Imrlllalizecl  to the l{ XTFj point  closest ill tillle. ‘1’tle EGRET best fit power-law spectra
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mferring  to the January 16-30 (low state) and February 4-6 periods are shown, normalized

at 0.4 CeV. For comparison, the SEDS in 1991 June (stars) and in 1992 December - 93

January (diamonds) are also shown (see Maraschi  et al. 1994). Errors  have been reported

only when they are bigger than the sylnbol  size.
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Table 2: Optical Photometric Monitoring of 3C 279 in 1996: Observers and Instruments

Observer Observatory Telescope Filters Dates
A1dering CTIO 0.9m BRI 27-29 Jan
Backman NURO, Lowell 0.8m BVRI 12 Jan
Balonek Fowy Bottom ~6t/ VR 18 Jan -22 Apr
,. Case W’estern Reserve Univ. Burrell  Schmidt R 8-14 Jan
Boltwood . Boltwood 18cm VRI 20 Jan -10 Mar
Falomo ESO NTT v 18.1 Jan
Ghisel!ini  & Villata Torino REOSC 1.05m BVR 4 Jan -7 Apr
Hall Steward got! griz (Gunn) 28,30 Jan
Kidger & Gonzalez-Perez Tenerife ~2cm BVR 7,10 Jan
Nair ~lnivo of Florida 3(-Jfr VR 19 Feb
Takalo & Sillanpaa Tuorla 1.03m BVR 26 Jan -12 Feb
Smith Steward (JOff v 27 Jan
Tosti Perugia 0.4m VRI 23 Feb -20 May
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